
























































































































This chapter will explore water use in Minne
sota as reported to the DNR through its water 
appropriation permit program. DNR water 
appropriation permits are required for all users 
withdrawing more than 10,000 gallons per day or 
one million gallons per year. As a condition of 
each the holder must report the volume 
of water withdrawn the previous year within 10% 
accuracy. The data collected are used for 
many purposes, such as documenting water 
rights, understanding the hydrology of aquifers 
from which water is withdrawn, and evaluating 
existing water supplies by monitoring use and the 
impact of that use. 

Water use data are reported on a calendar 
year basis and are presented here in the same 
manner for Calendar Year (CY) 1988 and 1989 
(CY 1990 data are not yet available). This report 
does not include water withdrawn in rural areas 
for domestic use that is estimated every five 
years the United States Geological SuNey. 
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Minnesota water use during 1988 was the 
highest ever reported in the state. During that 
drought year, 1105 billion gallons were with
drawn (Figure l), an increase of 10% over the 
previous year. Seventy- eight percent or 858 
billion gallons came from surface water sources, 
primarily rivers (Figure 2), while ground water 
sources accounted for 247 billion gallons or 22% 
of the total (Figure 3). 
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WATER YEAR DA TA SUMMARY, 1989 and 1990 May 1991 

Statewide Water Use - CY 1989 

Minnesota water use remained high in 1989. Overall appropriation reported in 1989 was almost 
as high as the record use of 1988, declining only 1% to 1092 billion gallons. Although the overall level 
of use was similar, there were some shifts in the way the water was used and in the sources from 
which it was withdrawn (Figure 4). 

Figure 4. 

Water Use Comparison: 1988-1989 
Billions of Gallons (BG) 

Use 1988 1989 Gain or 
Category BG/ % of total BG/ % of total loss in 1989 (BG) 

Power 
664 61 1 Generation 663 60 

Public 
203 1 

Supply 18 174 16 -29 

Irrigation 103 2 9 86 8 -17 

Industrial 
120 26 Processing 94 9 11 

Other 42 4 48 4 6 
-

1105 100 1092 100 -13 

1. Record high for public supply in Minnesota. 
2. Irrigation showed the largest percent increase (54%) of all categories over CY 1987. Crop irrigation from ground water 

sources alone increased by 72% (49 BG in 1987 to 84 BG in 1988). 

Surface water use increased by 1 % in 1989 with the largest volume reported for thermoelectric 
power production. Water withdrawn for mine processing in northeastern Minnesota doubled be
tween 1988 and 1989 (from 28 billion to 56 billion gallons) while withdrawals for public supply and 
irrigation declined. 

Ground water use decreased by 9% in 1989. Notable changes were a 20% lower use for crop 
irrigation, 5% lower for air conditioning, 4% lower for public supply and 3% lower for golf course 
irrigation. Withdrawals worth mentioning are 1.4% for pollution confinement and approximately 1 % 
for major construction dewatering for Interstate Highway 394 and the Seneca Wastewater Treat
ment Plant. 
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Minnesota has experienced tremendous 
growth in public supply. Public supply increas-

Figure 6. 
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ed from 53 billion gallons of use in 1950 to 17 4 
billion gallons in 1989. Much of the growth can 
be attributed to an improved standard of living-, 
increased population, and industrial/commer
cial users switching to public supply. 

Withdrawals from more reliable ground water 
sources for public supply are increasing. While 
ground water accounted for 47% of public 
supply in 1970, it accounted for 63% in 1989 
(Figure 6). In 1950, only 34% of public water 
supply was from ground water sources. 

Irrigation Growth 

Irrigation has become a major use of water 
in Minnesota in the last 20 years. In response to 
drought periods in 1976 and the late 1980s, 
irrigation has grown rapidly and remained high. 

WATER USE 

1989and 

While irrigation from surface water sources has 
substantially leveled off, irrigation from ground 
water sources continues to increase (Figure 7), 
maintaining a trend toward more reliable ground 
water sources for appropriation. 

Although irrigation comprises less than l 0% of 
water use reported statewide, the withdrawals 
are important because irrigation is a major 
"consumptive" use of water. Irrigation withdraw
als are approximately 90% consumptive use, 
either through absorption by plants or through 
evaporation. Very little is returned to the sources 
from which it is drawn. In 1988, 86% of withdraw
als for irrigation came from ground water 
sources. 

Figure 7. Minnesota Irrigation Growth 
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Irrigation is reported in all counties except 
Lake and Cook, although it is concentrated in 
central and west central Minnesota (Figure 8). 
Dakota County had the highest irrigation use in 
1988, followed closely by Sherburne, Stearns, 
and Otter Tail Counties, each reporting more 
than 9 billion gallons for major crop irrigation. 
Along with Pope and Swift Counties, they 
showed the largest irrigation volumes drawn 
from ground water sources. Clearwater, Aitkin, 
and Polk Counties reported the highest surface 
water irrigation at approximately 2 billion gallons 
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each, primarily for wild rice flooding. Noncrop irrigation was highest in the Twin Cities area, with 
Hennepin, Ramsey, Washington, and Dakota Counties combining for more than 2 billion gallons in 
1988. 

Major crop irrigation (corn, beans, potatoes, alfalfa, etc.) accounted for most irrigation use with 
95% of withdrawals coming from ground water. Wild rice production, which uses almost entirely 
surface water, made up half of the surface water irrigation in 1988 and 7% of irrigation reported 
overall. Golf course irrigation more than tripled since 1985, totaling 4% of irrigation use statewide. 

Figure 8. 
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May 1991 WATER YEAR DATA SUMMARY, 1989and1990 

Water County- CY 1988 

Water appropriation varies by county in the source of the withdrawals, amounts of withdrawals 
and intended uses. In CY 1988, nine counties accounted for 80% (882 billion gallons) of all reported 
water use (Figure 5). 

Figure 5. CY 1988 
Water Appropriation by County 

t::1:11::-.--
., •••• ...,!:I;:) Gallons (BG) 

County Surface Ground Total Primary Use(s) 

1) Goodhue 172 3 175 > Power 
2) Wright 130 2 182 Generation 
3) Washington 102 12 114 

4) Hennepin 58 35 93 > Power 
5) Ramsey 69 21 90 Generation & 

6) Dakota 55 24 79 Public 
7) Anoka 48 10 58 Supply 

8) St. Louis 88 2 90 

========--
Industrial 

9) Itasca 50 1 51 Processing 
882, 80% of total use 

Goodhue and Wright Counties reported the largest withdrawals in the state for power plant 
cooling, almost entirely from the Mississippi River. Washington County had a high proportion of 
water withdrawn for power generation and also used significant amounts of ground water. 

Hennepin, Ramsey, and Dakota Counties had major withdrawals for power generation com
bined with the highest ground water withdrawals in the state. St. Louis and Itasca Counties withdrew 
large volumes of surface water for industrial processing. Anoka County used 97% of its withdrawals 
for public supply including the intake for the City of Minneapolis. 

The next major group of counties (10 in all) reported significantly lower withdrawals of between 5 
ar)d 20 billion gallons each. Large portions of ground water were used by Sherburne, Stearns, 
Benton, Pope, Swift and Otter Tail Counties for irrigation; by Olmsted and Scott Counties for public 
supply. Notable surface water withdrawals were used by Sherburne, Otter Tail and Martin Counties 
for power generation, by Stearns County for public supply and by Benton and Koochiching Counties 
for industrial processing. 

Thirty-seven counties reported withdrawals between one and five billion gallons in 1988. The 
remaining 30 counties reported less than one billion gallons each .. 

Water use patterns among the counties in 1989 were similar. Pages 50-51 contain a summary of 
reported water use in all 87 counties for CY 1988 and CY 1989. See the cover page of this chapter 
for a graphic representation of reported use by county for 1988. 
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1989 and 1990 1991 

REPORTED PUMPAGE 

1988 1989 
COUNTY Surface Ground Total Surface Ground Total PRIMARY USE(S) 1989 

------------------------------------
1 AITKIN 1929.7 105.9 2035.6 1729.9 113.1 1843.0 Irrigation 93%, Waterworks 6% 
2 ANOKA 48505.0 9840.4 58345.4 43046.2 9928.6 52974.8 Waterworks 97% 
3 BECKER 40.3 2100.2 2140.5 37.5 2397.5 2435.0 Irrigation 71 %, Waterworks 28% 
4 BELTRAMI 980.9 625.3 1606.2 995.8 614.5 1610.3 Irrigation 67%, Waterworks 31 % 
5 BENTON 3919.1 3788.0 7707.1 3596.1 2970.5 6566.6 Industrial 54%, Irrigation 39%, Waterworks 7% 
6 BIG STONE 751.3 663.0 1414.3 1769.4 1030.8 2800.3 Power Generation 62%, Irrigation 27% 
7 BLUE EARTH 3272.3 3377.4 6649.7 4819.6 3539.8 8359.4 Power 56%, Waterworks 22%, Industrial 16% 
8 BROWN 106.1 2041.3 2147.4 127.8 1835.9 1963.7 Waterworks 49%, Irrigation 46% 
9 CARLTON 3254.3 629.6 3883.9 3062.2 543.3 3605.5 Industrial 76%, Waterworks 15%, Water Levels 8% 

10 CARVER 47.2 1820.2 1867.4 35.4 1663.6 1699.0 Waterworks 90% 
11 CASS 398.4 911.7 1310.1 264.4 1294.6 1559.1 Irrigation 62%, Waterworks 14%, Fisheries 19% 
12 CHIPPEWA 1465.5 375.2 1840.7 1940.9 337.1 2278.0 Power Generation 79%, Waterworks 16% 
13 CHISAGO 48.4 757.9 806.3 125.4 903.3 1028.6 Waterworks 54%, Irrigation 39% 
14 CLAY 1494.9 2082.3 3577.2 1528.6 1723.3 3251.8 Waterworks 65%, Irrigation 31 % 
15 CLEARWATER 2039.6 117.4 2157.0 3584.2 60.5 3644.7 Irrigation 98% 
16 COOK 110.4 4.6 115.0 106.2 1.5 107.7 Waterworks 88%, Snowmaking 12% 
17 COTTONWOOD 40.8 617.1 657.9 63.1 705.3 768.5 Waterworks 56%, Irrigation 26%, Industrial 17% 
18 CROW WING 1320.1 1596.4 2916.5 1450.7 1479.2 2929.9 Industrial 46%, Waterworks 37%, Irrigation 11 % 
19 DAKOTA 54898.7 24022.9 78921.6 42836.5 19854.1 62690.6 Power 64%, Waterworks 17%, Irrigation 10% 
20 DODGE 16.0 360.8 376.8 18.8 337.5 356.3 Waterworks 93% 
21 DOUGLAS 25.2 1434.7 1459.9 14.0 1565.0 1579.0 Irrigation 57%, Waterworks 36% 
22 FARIBAULT 14.5 817.1 831.6 26.9 783.2 810.1 Waterworks 74%, Industrial 18% 
23 FILLMORE 7.5 3270.7 3278.2 5.7 2767.9 2773.6 Fisheries 76%, Waterworks 17% 
24 FREEBORN 182.1 3226.0 3408.1 81.0 3065.7 3146.7 Waterworks 49%, Industrial 38%, Irrigation 11 % 
25 GOODHUE 171699.2 3326.5 175025.7 190637.0 2406.0 193043.0 Power Generation 99% 
26 GRANT 1.1 1281.2 1282.3 10.0 922.5 932.5 Irrigation 81 %, Waterworks 18% 
27 HENNEPIN 58243.8 35213.9 93457.7 59301.2 37524.1 96825.2 Power 60%, Waterworks 27%, Air Conditioning 7% 
28 HOUSTON 38.7 372.7 411.4 0.4 854.1 854.5 Temporary 40%, Waterworks 31%, Fisheries 19% 
29 HUBBARD 92.8 3596.7 3689.5 94.7 3613.6 3708.3 Irrigation 84% 
30 !SANTI 14.6 8 95.1 909.7 7.0 831.3 838.3 Irrigation 45%, Waterworks 46% 
31 ITASCA 50490.9 867.2 51358.1 78989.1 897.3 79886.4 Power Generation 59%, Industrial 38% 
32 JACKSON 33.5 243.7 277.2 8.7 245.6 254.3 Waterworks 95% 
33 KANABEC 0.0 197.6 197.6 0.2 181.8 182.0 Waterworks 79%, Irrigation 21 % 
34 KANDIYOHI 516.4 3381.8 3898.2 460.1 2966.8 3426.9 Waterworks 44%, Irrigation 42%, Fisheries 12% 
35 KITTSON 329.3 296.8 626.1 293.1 236.4 529.5 Industrial 50%, Waterworks 45% 
36 KOOCHICHING 16149.3 39.0 16188.3 15243.9 49.1 15293.0 Industrial 99% 
37 LAC QUI PARLE 77.1 2408.6 2485.7 71.2 1400.4 1471.6 Irrigation 43%, Industrial 39%, Waterworks 14% 
38 LAKE 2452.7 0.4 2453.1 3480.3 1.4 3481.7 Industrial 78%, Waterworks 13%, Power 9% 
39 LAKE OF THE WOODS 138.7 70.0 208.7 159.9 70.8 230.8 Irrigation 69%, Waterworks 31 % 
40 LE SUEUR 782.4 1197.8 1980.2 703.4 1184.9 1888.3 Waterworks 43%, Industrial 30% 
41 LINCOLN 18.1 648.6 666.7 2.3 606.1 608.4 Waterworks 86% 
42 LYON 62.1 1076.9 1139.0 87.3 1136.2 1223.5 Waterworks 93% 
43 McLEOD 30.5 2235.3 2265.8 24.3 1820.6 1844.8 Industrial 45%, Waterworks 40%, AJC 13% 
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May 1991 WATER YEAR DATA SUMMARY, 1989and 1990 

REPORTED PUMPAGE 

1988 1989 
COUNTY Surface Ground Total Surface Ground Total PRIMARY USE(S) 1989 

------------------------------------
44 MAHNOMEN 0.0 80.8 80.8 0.0 161.0 161.0 Irrigation 51%, Waterworks 49% 
45 MARSHALL 59.1 187.1 246.2 47.8 188.3 236.1 Waterworks 100% 
46 MARTIN 14940.5 508.1 15448.6 12353.0 565.1 12918.0 Power Generation 91 % 
47 MEEKER 74.7 1886.7 1961.4 17.8 1546.00 1563.8 Irrigation 58%, Waterworks 36% 
48 MILLE LACS 106.1 560.1 666.2 71.0 594.3 665.4 Waterworks 60%, Irrigation 32% 
49 MORRISON 734.3 3624.8 4359.1 128.9 3193.7 3322.6 Irrigation 76%, Waterworks 23% 
50 MOWER 16.8 2438.9 2455.7 0.0 2537.4 2537.4 Waterworks 55%, Industrial 26%, Irrigation 18% 
51 MURRAY 20.4 237.6 258.0 12.4 253.9 266.3 Waterworks 95% 
52 NICOLLET 29.1 1492.9 1522.0 31.3 1335.9 1367.2 Waterworks 94% 
53 NOBLES 21.1 1125.1 1146.2 20.7 558.1 578.8 Waterworks 92% 
54 NORMAN 2.9 240.3 243.2 11.7 249.9 261.5 Waterworks 61 %, Irrigation 39% 
55 OLMSTED 36.4 5119.7 5156.1 33.2 5127.0 5160.2 Waterworks 88%, Industrial 8% 
56 OTTERTAIL 5176.5 9874.8 15051.3 12396.0 9395.9 21791.9 Power Generation 52%, Irrigation 40% 
57 PENNINGTON 655.9 30.3 686.2 588.2 32.4 620.5 Waterworks 62%, Irrigation 37% 
58 PINE 32.4 404.2 436.6 126.4 385.1 511.5 Waterworks 70%, Irrigation 25% 
59 PIPESTONE 72.2 858.8 931.0 72.8 643.9 716.7 Irrigation 64%, Waterworks 35% 
60 POLK 4148.5 483.8 4632.3 4473.5 389.4 4862.9 Waterworks 57%, Irrigation 35% 
61 POPE 176.6 7975.3 8151.9 84.6 6132.2 6216.8 Irrigation 96% 
62 RAMSEY 69544.9 20942.3 90487.2 48226.3 19830.1 68056.4 Power 71 %, Waterworks 13%, Industrial 9% 
63 RED LAKE 1.8 462.7 464.5 0.0 473.7 473.7 Waterworks 100% 
64 REDWOOD 37.3 450.9 488.2 30.5 456.9 487.4 Waterworks 92% 
65 RENVILLE 45.8 559.6 605.4 58.1 377.1 435.2 Waterworks 75%, Irrigation 21 % 
66 RICE 13.7 1060.6 1074.3 26.6 1044.2 1070.8 Waterworks 73%, Industrial 16%, Irrigation 6% 
67 ROCK 89.5 772.6 862.1 33.1 576.9 610.1 Waterworks 88%, Irrigation 12% 
68 ROSEAU 0.0 268.7 268.7 0.0 314.4 314.4 Waterworks 90%, Irrigation 12% 
69 ST. LOUIS 87978.1 1550.3 89528.4 107140.4 1514.6 108654.9 Power 39%, Industrial 37%, Waterworks 14% 
70 SCOTT 2005.5 3030.9 5036.4 264.9 2954.7 3219.5 Waterworks 52%, Industrial 19%, Temporary 16% 
71 SHERBURNE 8708.6 9985.2 18693.8 12490.6 7957.6 20448.2 Power 43%, Irrigation 36%, Water Levels 17% 
72 SIBLEY 0.0 506.4 506.4 2.0 477.8 479.8 Waterworks 86%, Industrial 11 % 
73 STEARNS 2887.3 10962.3 13849.6 2941.6 9019.0 11960.6 Irrigation 60%, Waterworks 33% 
74 STEELE 111.4 1617.7 1729.1 131.3 1733.6 1864.9 Waterworks 83%, Irrigation 7% 
75 STEVENS 30.7 3569.9 3600.6 29.2 2066.4 2095.5 Irrigation 82%, Waterworks 17% 
76 SWIFT 67.8 6739.0 6806.8 59.8 6124.8 6184.6 Irrigation 96% 
77 TODD 663.5 2290.5 2954.0 341.0 2345.9 2687.0 Irrigation 79%, Waterworks 16% 
78 TRAVERSE 3.7 102.0 105.7 25.5 89.5 114.9 Waterworks 78% 
79 WABASHA 21.7 880.3 902.0 19.5 873.4 892.9 Waterworks 83%, Industrial 15% 
80 WADENA 771.4 2120.1 2891.5 1613.8 1920.2 3534.1 Irrigation 89%, Waterworks 9% 
81 WASECA 41.3 859.3 900.6 54.9 723.0 777.9 Waterworks 92% 
82 WASHINGTON 102176.7 11785.8 113962.5 106428.8 9928.7 116357.5 Power Generation 88% 
83 WATONWAN 42.0 1065.8 1107.8 27.7 922.8 950.5 Waterworks 65%, Irrigation 35% 
84 WILKIN 94.3 465.7 560.0 121.9 424.3 546.2 Irrigation 64%, Waterworks 36% 
85 WINONA 0.0 3840.6 3840.6 0.0 1560.3 1560.3 Waterworks 54%, Industrial 21 %, AIC 19% 
86 WRIGHT 130328.6 1689.2 132017.8 95069.7 1580.6 96650.3 Power Generation 98% 
87 YELLOW MEDICINE 73.5 516.5 590.0 102.6 399.8 502.5 Irrigation 49%, Waterworks 44% 

------------------------------------
TOTALS 858082 247160 1105242 866549 225445 1091994 
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Reported Water Use 
1985 -1989 (Millions of Gallons) 

Power Generation 1985 1986 1987 1988 1989 

HYDROPOWER* 0.0 120.0 120.0 120.0 120.0 
Surface Water: 0.0 120.0 120.0 120.0 120.0 
Ground Water: 0.0 0.0 0.0 0.0 0.0 

STEAM POWER COOLING - ONCE THROUGH 48564.8 64576.5 97312.0 132832.7 130291.1 
Surface Water: 48564.8 64576.5 97312.0 132832.7 130290.1 
Ground Water: 0.0 0.0 0.0 0.0 1.0 

STEAM POWER COOLING - WET TOWER 184.7 126.6 184.4 142.6 131.6 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 184.7 126.6 184.4 142.6 131.6 

STEAM POWER-OTHER THAN COOLING 84500.1 95659.8 115460.9 96069.2 102736.5 
Surface Water: 84172.9 95215.7 114917.0 95640.6 102281.9 
Ground Water: 327.2 444.1 543.9 428.6 454.6 

NUCLEAR POWER PLANT 278079.0 275222.3 293775.6 288975.9 271854.7 
Surface Water: 278079.0 275222.3 293775.6 288975.9 271854.7 
Ground Water: 0.0 0.0 0.0 0.0 0.0 

THERMO ELECTRIC POWER GENERATION 96219.3 103518 8 130333.5 144932.4 159162.8 
Surface Water: 96174.5 103486.3 130288.2 144889.9 159065.0 
Ground Water: 44.8 32.5 45.3 42.5 97.8 

--------------------------------SUBTOTALS 507547.9 539224.0 637186.4 663072.8 664296.7 
Surface Water: 506991.2 538620.8 636412.8 662459.1 663611.7 
Ground Water: 556.7 603.2 773.6 613.7 685.0 

--------------------------------
Public Supply 

MUNICIPAL WATERWORKS 168274.0 167073.5 189745.0 200512.7 171928.6 
Surface Water: 75693.2 74540.0 85090.0 89045.9 64912.4 
Ground Water: 92580.8 92533.5 104655.0 111466.8 107016.2 

PRIVATE WATERWORKS 605.2 567.9 667.6 767.2 778.1 
Surface Water: 13.4 16.9 2.7 3.1 2.5 
Ground Water: 591.8 551.0 664.9 764.1 775.6 

COMMERCIAL & INSTITUTIONAL 1463.6 1419.0 1373.8 1563.3 1443.8 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 1463.6 1419.0 1373.8 1563.3 1443.8 

COOPERATIVE WATERWORKS 134.0 217.3 133.9 243.9 226.1 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 134.0 217.3 133.9 243.9 226.1 

FIRE PROTECTION 12.6 11.5 12.5 13.0 25.0 
Surface Water: 0.0 0.0 0.0 0.0 0.2 
Ground Water: 12.6 11.5 12.5 13.0 24.8 

*St. Anthony Falls Hydraulics Laboratory only 
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May 1991 WATER YEAR DATA SUMMARY, 1989and 1990 

Public Supply, cont. 1985 1986 1987 1988 1989 

STATE PARKS, WAYSIDES, REST AREAS 20.3 29.0 34.5 50.0 52.0 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 20.3 29.0 34.5 50.0 52.0 

--------------------------------
SUBTOTALS 170509.7 169318.2 191967.3 203150.1 174453.6 

Surface Water: 75706.6 74556.9 85092.7 89049.0 64915.1 
Ground Water: 94803.1 94761.3 106874.6 114101.1 109538.5 

--------------------------------
Irrigation 

GOLF COURSE IRRIGATION 1298.8 1629.4 2954.6 4306.8 3634.9 
Surface Water: 361.7 405.1 895.8 1350.7 773.5 
Ground Water: 937.1 1224.3 2058.8 2956.1 2861.4 

CEMETERY IRRIGATION 33.0 32.9 33.7 51.1 86.9 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 33.0 32.9 33.7 51.1 86.9 

LANDSCAPING IRRIGATION 413.3 521.2 421.5 608.4 518.6 
Surface Water: 14.4 18.9 26.3 36.6 25.1 
Ground Water: 398.9 502.3 395.2 571.8 493.5 

SOD IRRIGATION 26.2 6.2 91.8 147.1 322.0 
Surface Water: 0.0 0.0 2.3 9.0 126.1 
Ground Water: 26.2 6.2 89.5 138.1 195.9 

NURSERY IRRIGATION 118.3 95.1 171.2 380.4 264.5 
Surface Water: 11.5 11.0 20.1 21.8 18.7 
Ground Water: 106.8 84.1 151.1 358.6 245.8 

ORCHARD IRRIGATION 6.2 3.6 11.1 15.4 11.3 
Surface Water: 6.2 3.6 9.7 14.9 6.9 
Ground Water: 0.0 0.0 1.4 0.5 4.4 

NON CROP IRRIGATION 2.6 4.7 7.2 9.5 59.4 
Surface Water: 1.7 2.4 3.6 0.6 7.8 
Ground Water: 0.9 2.3 3.6 8.9 51.6 

MAJOR CROP IRRIGATION 37577.5 18857.7 52293.3 90104.1 72777.6 
Surface Water: 2761.0 1193.7 3550.1 5912.0 5438.6 
Ground Water: 34816.5 17664.0 48743.2 84192.1 67339.0 

WILD RICE IRRIGATION 9796.8 8463.5 10864.5 7083.9 8536.7 
Surface Water: 9789.5 8452.3 10831.0 7079.0 8536.4 
Ground Water: 7.3 11.2 33.5 4.9 0.2 

--------------------------------
SUBTOTALS 

49272.7 29614.3 66848.9 102706.7 86211.8 
Surface Water: 12946.0 10087.0 15338.9 14424.6 14933.0 
Ground Water: 36326.7 19527.3 51510.0 88282.1 71278.8 

--------------------------------
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Industrial Processing 1985 1986 1987 1988 1989 

AGRICULTURAL PROCESSING 9975.9 10372.0 10670.5 11452.2 11215.2 
Surface Water: 789.4 485.8 594.1 291.1 380.0 
Ground Water: 9186.5 9886.2 10076.4 11161.1 10835.2 

PULP AND PAPER PROCESSING 29518.0 29833.1 30829.3 30762.4 29720.7 
Surface Water: 27795.3 28359.9 29539.2 29213.2 28024.0 
Ground Water: 1722.7 1473.2 1290.1 1549.2 1696.7 

MINE PROCESSING 17613.1 15234.8 8252.3 28460.9 56192.7 
Surface Water: 17612.3 15206.1 8243.0 28458.7 56192.5 
Ground Water: 0.8 28.7 9.3 2.2 0.3 

SAND AND GRAVEL WASHING 2268.5 2009.0 2124.2 2086.4 1850.6 
Surface Water: 1680.4 1561.2 1584.8 1493.8 1336.1 
Ground Water: 588.1 447.8 539.4 592.6 514.5 

SEWAGE TREATMENT 1097.4 1087.7 1010.0 618.6 977.2 
Surface Water: 1.1 1.3 1.1 1.1 1.3 
Ground Water: 1096.3 1086.4 1008.9 617.5 975.9 

PETROLEUM OR 
CHEMICAL PROCESSING 2057.3 2002.8 2328.4 2809.2 2657.0 

Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water 2057.3 2002.8 2328.4 2809.2 2657.0 

METAL PROCESSING 4444.8 4116.5 1553.5 4141.6 3363.6 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 4444.8 4116.5 1553.5 4141.6 3363.6 

NON-METALLIC PROCESSING 827.8 896.1 830.2 748.4 622.3 
Surface Water: 1.4 1.3 1.9 1.9 2.1 
Ground Water: 826.4 894.8 828.3 746.5 620.1 

OTHER INDUSTRIAL PROCESSING 41668.5 10719.5 11268.1 12813.9 13332.7 
Surface Water: 38977.4 8214.5 9819.0 10178.9 10935.8 
Ground Water: 2691.1 2505.0 1449.1 2635.0 2396.9 

--------------------------------
SUBTOTALS 109471.3 76271.5 68866.5 93893.6 119931.9 

Surface Water: 86857.3 53830.1 49783.1 69638.7 96871.7 
Ground Water: 22614.0 22441.4 19083.4 24254.9 23060.2 

--------------------------------
Other 

COMMERCIAL BUILDING AIRCONDITIONING (A/C) 400.1 361.8 384.3 471.3 503.8 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 400.1 361.8 384.3 471.3 503.8 

INSJITUTIONS-SCHOOLS, HOSPITALS A/C 113.4 168.9 21.6 308.8 19.8 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 113.4 168.9 21.6 308.8 19.8 
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May 1991 WATER YEAR DATA SUMMARY, 1989and 1990 

Other, cont. 1985 1986 1987 1988 1989 

HEAT PUMPS 0.5 0.0 0.0 0.0 0.0 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 0.5 0.0 0.0 0.0 0.0 

COOLANT PUMPS 464.3 222.8 295.3 554.6 468.5 
Surface Water: 227.0 153.0 225.0 398.6 329.9 
Ground Water: 237.3 69.8 70.3 156.0 138.6 

DISTRICT HEATING 46.4 24.2 29.0 30.3 26.6 
Surface Water: 0.3 0.0 0.0 0.0 0.0 
Ground Water: 46.1 24.2 29.0 30.3 26.6 

ONCE-THROUGH HEATING OR A/C 9136.8 9411.1 10622.2 11034.3 10717.3 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 9136.8 9411.1 10622.2 11034.3 10717.3 

OTHER AIR CONDITIONING 459.2 235.2 220.2 302.9 191.7 
Surface Water: 444.6 222.2 209.7 246.3 162.7 
Ground Water: 14.6 13.0 10.5 56.6 29.0 

TEMPORARY CONSTRUCTION 
NON-DEW A TERI NG 0.0 0.0 0.6 0.3 6.2 

Surface Water: 0.0 0.0 0.6 0.3 6.2 
Ground Water: 0.0 0.0 0.0 0.0 0.0 

TEMPORARY CONSTRUCTION 
DEWATERING 0.0 21.1 176.9 14.7 1852.8 

Surface Water: 0.0 5.8 101.6 5.0 0.5 
Ground Water: 0.0 15.3 75.3 9.7 1852.3 

TEMPORARY PIPELINE 
AND TANK TESTING 15.4 32.2 35.1 43.0 118.3 

Surface Water: 0.1 30.0 0.0 0.0 51.9 
Ground Water: 15.3 2.2 35.1 43.0 66.4 

OTHER TEMPORARY 0.0 253.0 0.0 20.1 10.0 
Surface Water: 0.0 253.0 0.0 20.1 10.0 
Ground Water: 0.0 0.0 0.0 0.0 0.0 

BASIN {LAKE) LEVEL MAINTENANCE 1454.4 2350.9 2023.1 1813.0 1841.4 
Surface Water: 1026.3 1943.4 1 325.4 627.5 638.9 
Ground Water: 428.1 407.5 697.7 1185.5 1202.4 

MINE DEWATERING 14759.2 9681.4 7744.5 10061.6 12491.2 
Surface Water: 14759.2 9681.4 7744.5 10061.6 12491.2 
Ground Water: 0.0 0.0 0.0 0.0 0.0 

QUARRY DEWATERING 13075.8 10253.6 7553.8 8736.7 7409.8 
Surface Water: 13075.8 10253.6 7553.8 8736.7 7409.8 
Ground Water: 0.0 0.0 0.0 0.0 0.0 

SAND/GRAVEL PIT DEWATERING 25.5 25.8 0.9 12.1 19.5 
Surface Water: 25.5 25.8 0.9 12.1 19.5 
Ground Water: 0.0 0.0 0.0 0.0 0.0 

TILE DRAINAGE AND PUMPED SUMPS 212.7 497.9 90.9 72.8 44.7 
Surface Water: 212.7 497.9 90.4 72.3 44.7 
Ground Water: 0.0 0.0 0.5 0.5 0.0 

OTHER WATER LEVEL MAINTENANCE 1035.3 1103.2 2197.7 1004.6 3666.4 
Surface Water: 1022.4 1092.9 2184.9 969.0 3623.6 
Ground Water: 12.9 10.3 12.8 35.6 42.8 
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WATER YEAR DATA SUMMARY, 1989and1990 May 1991 

Other, cont. 1985 1986 1987 1988 1989 

POLLUTION CONFINEMENT 1518.7 1816.4 646.9 2456.3 3086.2 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 1518.7 1816.4 646.9 2456.3 3086.2 

HATCHERIES AND FISHERIES 5276.7 4916.3 5313.1 5164.7 3717.9 
Surface Water: 786.5 541.1 869.3 743.8 744.9 
Ground Water: 4490.2 4375.2 4443.8 4420.9 2973.0 

SNOW MAKING 271.9 211.7 336.2 299.9 344.1 
Surface Water: 60.3 51.3 64.9 72.2 82.1 
Ground Water: 211.6 160.4 271.3 227.7 262.0 

PEAT Fl RE CONTROL 0.0 0.0 0.2 0.7 0.8 
Surface Water: 0.0 0.0 0.0 0.0 0.0 
Ground Water: 0.0 0.0 0.2 0.7 0.8 

OTHER SPECIAL CATEGORIES 768.4 728.2 749.0 545.2 602.2 
Surface Water: 768.4 728.2 749.0 545.2 602.2 
Ground Water: 0.0 0.0 0.0 0.0 0.0 

---------------------------------
SUBTOTALS 49034.7 42315.7 38441.5 42947.9 47138.9 

Surface Water 32409.1 25479.6 21120.0 22510.7 26217.9 
Ground Water: 16625.6 16836.1 17321.5 20437.2 20921.0 

--------------------------------

GRAND TOTALS OF REPORTED WATER USE 
1985-1989 (Millions of Gallons) 

1985 1986 1987 1988 1989 

TOTALS 885681.5 
714910.2 
170771.3 

856607.5 1003133.3 1105242.2 1091994.0 
858082.1 866549.4 
247160.1 225444.5 

Surface Water: 70257 4.4 8077 4 7 .5 
Ground Water: 154033.1 195385.8 
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May 1991 WATER YEAR DA TA SUMMARY, 1989 and 1990 

Minnesota's hydrologic situation has im
proved since 1988. However, a significant 
portion of the state remained in a drought or 
near-drought condition at the end of WY 1990 
(see Palmer Drought Severity Index at right). The 
overall hydrologic situation is still in need of 
improvement. 

CLIMATOLOGY Precipitation amounts generally 
continued at below normal levels in 1989 but 
events were more timely in nature. In addition, 
air temperatures moderated from 1988 which 
improved crop production in 1989. However, 
the long-term impacts of the drought period of 
1987-1989 lingered into 1990 in spite of increased 
precipitation amounts. Overall, parts of central 
and southeastern Minnesota experienced 
above normal to excessive precipitation in 1990 
while the northwest continued in a state of 
extreme drought with no significant relief in the 
past four years. 

SURFACE WATER Stream flows improved some in 
WY 1989; especially so in WY 1990 over much of 
the state. Surficial basin storage areas (lakes, 
wetlands) continued to recede in 1989 but 
began to recover in 1990. However, much of 
the near surface ground water supply, lakes and 
wetlands have not been fully recharged, even in 
areas where precipitation returned to near 
average. These storage areas supply the base 
flow for rivers and streams which will continue to 
show rapid fluctuations between periods of 
precipitation and runoff without adequate base 
flow. The amount and distribution of future 
precipitation will determine the time required to 
achieve full recovery. 

CONCLUSIONS 

N 

Palmer Drought Severity Index 
September 1990 
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WATER YEAR DATA SUMMARY, 1989and 1990 1991 

GROUND WATER Water tables in unconfined 
aquifers respond more readily to changes in 
precipitation patterns than do water levels in 
confined aquifers. These water tables dropped 
in 1988 but have generally responded to in
creased precipitation amounts in 1989 and 1990. 
An exception is in northwest Minnesota which 
has had no substantial drought relief in four 
years. Water levels in confined aquifers are 
much slower to fluctuate in response to climatic 
changes and generally receded throughout 
1989 and much of 1990. Depending on the type 
(buried drift or bedrock) and the depth, levels in 
some continue to drop. While many confined 
aquifers were showing signs of recovery toward 
the end of WY 1990, nearly all remain below 
average levels. 

WATER USE Reported water use was at an all 
time high in 1988 in response to severe climatic 
conditions that year. Although the weather 
moderated considerably in 1989, reported use 
declined by only l °lo. The primary reductions in 
reported water use for 1989 were in the catego
ries of public supply and irrigation while a sub
stantial increase was reported in use for industrial 
processing. However, appropriations for public 
supply and irrigation continue to switch to more 
reliable ground water sources for both quality 
and quantity reasons. 
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While Minnesota is considered to be a water-rich 
state, recent drought periods have focused 
attention on the water shortages that may occur 
from time to time. As demands for water use 
increase, the state may face shortages that are 
no longer limited to drought periods. Presently, 
some areas of the state lack sufficient water to 
serve all demands. Wise planning and alloca
tion management is needed to address future 
growth needs. 

CONCLUSIONS 




